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(54) METHOD OF PROCESSING MATERIALS 

(57) The invention relates to processing of various materials and advantageously can be used 
for processing ores of mineral products at crushing. The method allows yield enhancement in respect 
with finished products and increase of exposed splices of ore and non-ore phases therein. The method 
comprises the steps of supplying microwave power from a generator through a transmitting waveguide 
to an irradiator 3 used to direct electromagnetic microwaves onto a material 4 in a standing wave 
mode, and heating said material up to a temperature not lower than 300 °C and not higher that a 
temperature at which the reduction-oxidation processes begin therein. Then, there is the step of cooling 
the material 4 sown to a coolant temperature supplied by a feed system 6, and subjecting said materials 
to a mechanical load, for example, crushing in a mill 7. In doing so, matching of the cooling and 
crushing steps is possible. 3 Figs. . , 

... It is an object of the invention to provide yield enhancement in respect with finished 
products and increase of exposed splices of ore and non-ore phases therein... 

. . . The method of processing material comprises the step of irradiating with microwave power 
in a standing wave mode. This allows creation of internal equal-intensity microwave-heating sources 
positioned in the standing wave loops throughout the volume of the processed materials. A the same 
time, irradiation with microwaves results at the field maximums in increase of a temperature gradient 
(jump) and therefore mechanical stresses and strains at boundaries of the ore and non-ore phases. At a 
moment when said stresses accomplish an ultimate contact stress, micro-fi-actures and micro-cracks 
occur along the cleavage planes of phases. . . 



A method of processing materials, comprising multiple repetition of heating a materials 
followed by cooling thereof with a liquid coolant down to a temperature of the latter, and mechanical 
loading the material, characterized in that, in order to enhance yield of finished products and 
weakening a coupling of the ore and non-ore phases, the material is heated with electromagnetic 
microwaves in a standing wave mode up to a temperature not lower than 300 "C and not higher that a 
temperature at which the reduction-oxidation processes begin therein. 
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(54) CnOCOB OBPABOTKH MATEPHA- 
JlOB 

(57) MsoepereuHe othochtch k odpaCoTKC 
pasjiHMHbix MarepHaJioB h npeHMyuiecTseHHO 

MOWCT 6bITb HCnOJIbSOSaHO AJlfl 06pa60TKH 

no/ie3Hbix KCKonacMwx npw HSM&nbMeHHH. 



pyA 



' Cnoco6 no3Bo;iJieT noBwcHTb bwxoa npojiyK-" 
TOB roTOBoro KJiacca h yseJiKHHTb b hcm npo- 
ueHTHoe coaepataHHe pacKpwTux cpocxKoe 
pyAHofi H HepyflHofl (|)a3. FlpH 3tom ot rcHepa- 
Topa nocpeacTBOM nepeAawmero sojiHosoAa 
3HeprHK) CBM noABOAST k H3AyMaTeJiio 3, c 
ncMmombK) Koroporo sjierpoMarHHTHbie bojihw 

CBH B peJKHMe CTOHHHX BOJIH HanpaBJISIOT 

Ha warepHaji 4 h HarpeaaioT ero ap reMnepa- 
Typw He HHwe SOCC h He Bwuie TeMneparypu 

Hayajia b hcm OKHCJiHTe.;ibHo-BoccTaHOBHTejib- 
Hbix npoueccoB. SareM MarepHa.n 4 ox.na>K- 
AawT AO TeMnepaiypbi xjiaaareHTa, nOABOAH- 
Moro CHCTewofl noaaMH 6, h BosAeficTByroT 
MexaHH«iecKOH norpysKoft, nanpHMep H3Me.nb- 
qaiOT B MenbHHue 7. ripH 3tom onepauHH ox- 

Jia>KAeHHH H HSMeAbMCHHH MOWHO COBMCCTHTb. j 
3 HA. / 
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HsoSpereHne othochtc« k cnoco6aM ofipa- 
60TKH pa3.'CHMHbix MarepHaJiOB, b qacTHOCTH 
ropHbix nopoa, h mowbt SwTb HcnojibsoaaHo 
npK flpoCjienHH, HSwe^ibieHHH HJiH pasAeJieHHi! 
TBepawx MHnepa^ibiibix cpcA b 'lepHofi h ubct- 
Hoft MCTaJi-nyprHH, b npoMbituJieHnocTH crpoft- 
MarepHa.ioB, XHMH'iecKofi, <j)apMaueBTHMecKOH 
H flpyrnx oTpacjiax HapoAHoro xoSHHcraa. 
FlpeHMyiuecTBeHHaH o6;iacTb npuMeHeHHn — 
Ann o6pa6oTKH pya noJiesHwx HCKoriacMbix npH 



Ue 



ciiafiHocTH pyAHOH H nepyAHOH c{)a3. TaKUM 
o6pa30M, npOHHKaiomee HSJiyqeHHe CBM noa- 
BOjiHer noiiroTouHTb K pacKpuTHio (|)a30Bbtx 
cpocTKOB o6pa6aTbiBaeMbiH MarepHaji. „. , , 

B cnocofie o6pa6oTkH MargpHanoB oS.ivne- 
pHHe CBM-3iieprHefi ocymecTB.nnioT b pejKHMe 

|CTOHMHX BOJIH. 3t0 nOSBOJlHeT C03JiaTb BHyt- 

IpeHHHe HCTO'iHHKH CBH-Harpesa oAHnaKOBofi 

iHHTeHCHBHOCTH, paCnO.IOWeUHbie B IIVHUOCTflX 

^ ^croH'iefl BOJiHbi no sccMy oS-be.My oSpafia rbiBae- 
<«^"SMoro MarepHa^ia. FlpH stom b MaKCHMyM. 



pe/icTuoM nepeaaio- 

HIO CBM nOABOJlHT 

I). HsjiyuareJieM 3 : 
CBM HanpaB-anror 



^ieimT— iioBbiuieHHe Bwxojiia | f non« CBH-o6jiyMenHe ueACT k yaeJiHMei 
TOBoro K.nacca H ysenHMeHHe b I ^TeMnepa-rypHoro rpaAHCHTa (cKanKa), a CJi? 

parejibHO, h MexaHHHecKHx HanpH>KeHHH h je- 
popMauHH HB rpaHHuax pyAHoft h HepyAnoR 

^aS. B TOT MOMCHT, KOPAa OIIH AOCTHraiOT 

InpsAejia KOHTaKTHofl npoMHOCTH, b cxpyKrype 
i'kaTepHaJia BosHHKaior MHKpopaspbiBbi h mhk- 
tpoipeuitiHw no imocKocTHw cnafiHOCTH (()a3. 

'ffl-ffTepHa.n pa-ifffp6tH»e^^^^^ 
xoAHT HacTHMHoe HJiH no.THoe BbicBo6o/KAeime 
(sbiiuejiyaiMBaHHc) 3cpcn uemioro KOMiioiien- 
ra. B waKCHNiywax cTOHiieii Bo-mu CBH-i!o;ie 
C03AaeT aiiaHHTe.iibHbie MHKpOHapyujenHa 110 
n.nocKOCTflM cpanaMHa KOMnoHenTOB h cymecr- 
bemio ciiH)KaeT rip04H0CTHbie xapaKTepHCTHKH 
25 MaxepHajia. MoKAy MaKCHMyMa.MH nojia TaK>Ke 
B03HHKaiOT HapyioeHHfl no n.nocKocrsiM cpacra- 

HHSi ((jaS BCJieACTBHC Ce-lCKTHBHOrO BOSACHCT- 

BHsi CBM-3neprnM h b pesyjibTare pasnux 
Be.'iHMHH TenjionpoBOAHOcreH c-TaraioiUHX kom- 
noiieHTOB. CneAOBaxe-nbHo, CBM-Harpes b pe- 
30 >KHMe cTonuMX iio.in 3c{Kj3eKTnaHO o6ecneiJHBaeT 
npoueccbi oc.naC.ieHMH iipo'iHOCTH h pacKpbiTHn 
pyAHOH H iiepyAiioft c|)a3 no bccmv o6-beMy 
o6pa6aTbiBaeMoro MarepHajia. 

CBM-o6pa6oTKy MarepHa.ia bbavt ao tcm- 
nepaTypw Harpesa hc hhjkc 300°C, nocKo.nbKy 
iipH MCHbuieft Tewneparype Be.iH«inna h ko.ih- 
MCCTBO MHKpoHapyiuenHfi no ii.'iocKocTn.M cpac- 
raima (j)a3 peara CHuaoercH. KpoMC roro, 

AJIH CKaJIbHblX riOpOA (HCCUJOSHCrbie KBapUHTbl. 

rpaHHTbi, ra66po h t. a.) npH 200— 300'C 
40 iipomiocTb Ha 20- -40'/o Bwiiie hx iipownocTH 
iipH ecrecTBeHHofi TCMnepaxype. flpH Te.Mfie- 
paxype cBhiiue SOO'C iipouHOCTb hx nawMHacT 
cHH>KaTbCH. riosTOMy npH o6pa6oTKC ropiiux 
nopoA B pe)i<H.Me ctoammx bo.ih TeMrieparypa 
.5 B o6pa6aTbiBaeMOM o6beMe aaiWHa ycraiio- 
BHTbca ue HM>Ke 300°C. npoHCXOAamee npH 
3roM cymecTBeHHoe cHHJKCUHe npoMHOCTHbix 
CBoRcTB MaTepiia-ia bcact k noBbiujeiiHio bwxo- 



iipoAyKTon roTOBoro K.nacca h ysenH' 
neM npoAeHTHoro coAep>KaHHfl pacKpwTbix g 

CpOCTKOB pyAHOH H HCpyAHOH c})a3. ,.. 

Ha (fiHr 1 npeflcraBJieita c\eMa noABOAa 15 
3Hepi-HH K 06pa6aTbiBaeMOMy MaTcpHajiy; Ha 
cjiiir. 2 — cxewa ocymecTB.ieHHn cnocoSa oG- 
pa6oTKH MarepHajiOB; Ha cfiwr. 3 — napnaiit 
ocymecTBJieHHH cnocofia npH coBMemeHHwx 
OfiepanMax ox.ia>KAeHHa h 
rpyweHHH. 

Cnoco6 ofipaSoTKH m; 

BAKCTCH C^ieAyiOtUHM 06pJ 

Ot rewepatopa 1 noc 
mero BOJiHOBOAa 2 siiepi 
K H3.ny'iaTe/tio 3 ((j)Hr. 
3AeKTpo.\iarimTHb!e BO.'inb 
B MaTepnaA 4, pasMemeHHWH iia riOAAOKKe 
HflH rpanciiopTHpyiomeM KoiiBeiiepe 5. Flocjie 
oOJiyMeHMfi s.neKTpoMarHHTHfaiMH Bo.nHaMH iia 
MarepitaA 4 BOSAeftcTByioT x.naAareHTOM, noA- 
BOAHMbiM cHCTeMofl 6 nOAHMH (ct)Hr. 2). Sto 
MOHcer 6biTb OKarwH BOSAyx, .ncA, BOAa hah 
apyroe semecTBo, npHMCHCHHe Koroporo peii- 
Tafie.ibHO B aaHHofi rexHOAorHH. MarepHaA 4 
oxAawAaioT AOTeMriepaTypu XAaaarenTa h bo3- 
AeiicTByioT MexaimMecKoft narpyaKoii, nanpii- 

wep HSMCAbMaiOT B MBAbllHUe 7. ripH 3T0M 

onepauHH oxAamAeHHA h MexaHimecKoro h-a- 

rpy>KUllHH MOWIIO COBMeCTHTb (({)Hr. 3). 

OfiepauiiH Harpesa, ox.na>KAeHHH h wexa- 
iivmecKoro iiarpy>KeHHfl hhkahmho noBTopaiOT 
AO Haiifiojiee mojihopo A0CTH>KeHHn nocTaBAeH- 
HOH ueoH. 

B peay-TbTaxe o6AyMeHHH a/iCKxpoMapHHT- 

HblMH BOAliaMH CBM npOHCXOAHX 05ieMHblH 

HarpcB MaxepHajta, HanpMMcp pyAnoro cupbn. 
TaK KaK pyAiiaji h HepyAHaH (t>a3bi waxepHa- 

Aa HMCIOT «BHO BbIpa>KCUllbie pa3-1HMHfl n 

SAeKxpoMarimxHbix CBoflcxBax (BeAHMHHbi xaH- 
reHCOB yr.na AHSAeKxpHvecKHX noxepb, ahsackt- 
pniiecKafl H warHHXHaH iipoHHuaeMOCxn) , xo 
HHxeHCHSiiocxb HX narpeBa CBM-3Heprneii cy- 
luecxueiiiio pasjiiiMna. PyAnasi i^asa (sepiia 
ucHHoro KOMiiOHeHxa) HHxeticHBHo iiopAomaox 
CBM-3iieprHio h iiappeBaexcn ao secbwa bwco- 
KHX TeMuepaxyp, b to BpCMH Kait iiepyAnaa 
0a3a (riycran iiopoaa, BKAiOHaiomaH 3epna 
ueHHoro KOMiioHeura) npaKXHMecKH ocxaexcsi 
xoAOAiioH. Harpexbie aepHa pyAHofl 4»a3bi Hciibi- 
TbiBaiOT Ten.noBoe paciUHpeHHC n OTHOCHTeAbHo 

XOAOAHOii MaxpHMHOfl oSOAOiIKC. 3x0 npHBOAHT 

K ocAaSACHHio CHA cueriAeHHfi no 



Aa roxoBoro wiacca, 

Bepxmoio rpaiiHuy xeMiiepaxypu iiarpeaa 
50 Bbi6Hpai0T AO na^a.'ia oKMC-THxe.ibHO-BOCCxa- 

HOBHTe.TbllblX lipOUeCCOU, IIOCKOAbKy [lOCAOA- 

ime cymecxBCHHo hsmchhiox (})M3HK0-xHMHHec- 
KMf ciioiicTBa H cocxaB o6pa6aTbiBaeMoro Ma- 
xepiiaAa, uxo oxpnuaxeAbno CKasbiBaexcsi iia 



B pesyAbxaxe ocymecxB.nenHfl nosaeHcxeiifi 
MexanHwecKofl nappy3Kofl na stcam-ixcibHO pas- 
ynpoHHeHHbiM .viaxepHaji noBbiujaerca buxoa 
npoayKXOB potobopo KAacca -0,074+0,02 mm. 
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ripH 9T0M o6pa6oTKa 3JieKTpoMarHHTH0H snep- 
PHefl CB4 B pe>KHMe ctohhhx bojih naer noBU- 
lueHHe npoueHTHoro coAep)KaiiHH pacKpwTbix 

CPOCTKOB pyflHOft H HCpyilHOH <t)a3. 

IJpuMep. jlpoSjienyio pyAHyio Maccy o6jiy- 
uajiH a 3;ieKTpOMarHHTHOM nojie CBM, oxjiax- 
AajiH BOAoft H H3Me;ibqa;iH b 6apa6aHHoa MC^ib- 

06pa6oTKe noABeprajiHCb TOHK0BKpan^ien- 
Hbie scejiesHCTbie KeapuHTw HHFOKa. Co^ep- , 
waHHe, */o: we.iiesa 32,3; CHJiHKaroB 18; Ksap- 
ua 49,5. HcTOMHHK s/ieKxpoMarHHTHofi sHep- 
THH — CBM-reneparop THna «napyc», pjiuHa 
BO/iHH 12,63, qacToia 2375 MFu, MOiUHocTb b 
HenpepwBHOM pewHMe reHepauwH ao 3 kBt. 
npoiiecc HSMcnbHeHMH npoBOAH-icn b .laSopa- 1 
TopHofi 6apa6aHHOH tuapoBOH Me.itHHue c paa- 
MepaMHo(XD = 200x300 MM, mapt 
Ka 30%, CKopocTb spamenHfl 
60 o6/mhh, BpeMfl HSMe/ibMeHHH 15 
AyKTU HSMejifaHeHHH noABeprajiH 



Sapai 



i3,po6jieHafl pyaa KpynHocTH 30—0 mm c 
coaepMOHHCM roTOBoro KJiacca 37o secow 
840 rp (6% 3ano,nHeHHH M&nbHHUw) o6jiy- 

MBJiaCb 3JieKTpOMarHMTHbIMH BCWIHaMH CBH 8 

TeweHHC 5 mhh ho TeMneparypw Harpesa pya- ■ 
HOfl Maccbi 450— 500°C. Pokhm ctohmhx bojih 
co3AaBa,ncn c noMotUbio KopoTKoaaMbiKafome- 
ro nopuiHH (n,nacTHHbi). SarcM pyAy o6pa6a- 



riocAe Mero npoBOAHJiH MOKpoe HSMejibHeiiHe 

B MCJlbHHUe. 

ripcA/iaraeMbifl cnocoS nosBOJiner no cpaa- 

HCHHIO C H3BeCTHblM yBCaHMHTb npOH3BOAH- 

TCJibHocTb MeJibHHUw tio iwiaccy — 0,074 + 
+ 0,05 MM B 1,3 pasa, no K.naccy 0,05 + 
+ 0,02 B 1,2 pasa. YBejiMMeHHe pacKpwTwx 

I CpOCTKOB pyAHOfi H HCpyAHOH (})a3 B OpOAyK- 

rax rOTOBoro KJiacca nosBOJineT cymecTseHHO 
yBejiHHHTb npoueHTHoe coAep>KaHHe ueHHoro 
KOMnoHeHxa (HanpHMep, >Ke.iie3a) a kohuch- 
Tpare. ^. 

(PopMijAa u3o6peTeHUH 
Si Cnoco6 o6pa6oTKH MaxepHaJios, bk;ik)- 
qaioiUHH MHoroKpaTHbie Harpes c nocji 
lUHM ox.naH<AeHHeM MarepHaAa whakhm 
arcHTOM AO TeMneparypw nocJicAHero h 
HHHecKoe HarpyweHwe MarepHaJia, otauhoio- 
U{uucn TCM, MTO, c uejibK) nOBbiLueHHH BbixoAa 
npoAyKTOB roTOBoro Macca h yBe/iHUCHHs 
^ HeM npoueiiTHoro coAep>KaHHH pacKpwTbix 
j^pocTKOB pyAHofl H HepyAHofi 4)33, Harpes Ma- 
IrepHafla ocymecTBJifiiOT 9,FieKTpoMarHHTHWMH 

iBO^IHaMH CBH B pe>KHMe CTOSIHHX BOnH AO TCM- 

Ineparypbi He HH>Ke SOCC h He Bbiiue TCMne- 
f parypw Havajia b hcm 

HOBHTCJIbHblX npOUeCCOB. 
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